Materials and Instruments
All commercially available reagents and chemicals were used as received without further purification unless otherwise specified. 4 Chemistry, Chinese Academy of Sciences. Polymer molecular weights were determined on Polymer Laboratories GPC-PL220 high temperature GPC/SEC system at 150 ºC vs polystyrene standards using trichlorobenzene as eluent. Cyclic voltammetry (CV) measurements were carried out under argon atmosphere using a CHI760 Evoltammetric analyzer with 0.1 M tetra-n-butylammonium hexafluorophosphate in acetonitrile as supporting electrolyte and Fc/Fc+ as internal S2 reference. A platinum disk working electrode, a platinum wire counter electrode, and a silver wire reference electrode were employed. UV-vis absorption spectra of solutions and films at room temperature were recorded on a Shimadzu UV-3600 UV-VIS-NIR spectrophotometer, while temperature dependent UV-vis spectra of the solutions were collected on Perkin Elmer Lambda 950 UV/VIS/NIR Spectrometer. Differential scanning calorimetry (DSC) curves were recorded using Mettler STAR e at a heating rate of 10 ºC min −1 under nitrogen atmosphere, and thermogravimetric analysis (TGA) curves were collected by Mettler STAR e TA Instrument at a heating rate of 10 ºC min −1 .
Atomic Force Microscopy (AFM) measurements were conducted using a Dimension
Icon Scanning Probe Microscope (Asylum Research, MFP-3D-Stand Alone) in the tapping mode. Transmission Electron Microscopy (TEM) images were obtained on
Tecnai Spirit microscope (20 kV). For TEM samples, the films were first casted on PEDOT:PSS covered substrates, then they were floated off in deionized water before being transferred onto TEM copper grids. Two-dimensional grazing incidence wide angle x-ray scattering (2D GIWAXS) measurements were carried out at the PLS-II 9A 2-butyloctylbromide (1): 1 To a solution of 2-butyloctanol (40.13 g, 215.4 mmol) and triphenylphosphine (56.49 g, 215.4 mmol) in dichloromethane (600 mL), Nbromosuccinimide (45.99 g, 258.4 mmol) was added in small portions over 10 min at 0 °C. The mixture was stirred at 0 °C for 2 h and then at room temperature for 4 h. The solution was concentrated to ca. 2/3 of its original volume using rotary evaporator. After that, silica gel (40 g) was added and the solvent was completely removed under a reduced pressure to afford an orange powder, which was purified by column chromatography using petroleum ether as the eluent. After drying in vacuum, the product was obtained as a colorless liquid (45.10 g, 84%). 1 16 mmol) were dissolved in 25 mL THF, and the Grignard reagent was added slowly at 0 °C. The reaction was warmed to room temperature and stirred overnight, followed by the addition of hydrochloric acid (40 mL, 2 M) to quench the reaction. The reaction was then washed with dichloromethane (DCM) three times (60 mL each), and the combined organic layer was washed with water 3 times (200 mL each) then dried over MgSO 4 . After filtration and removal of solvent via rotary evaporator, the product was purified by column chromatography using petroleum ether as eluent to afford a colorless oil (20.33 g, 56%). 1 
Br
Synthesis of 2-bromo-3-(butyloctyl)thiophene (3): 1 To a 150 mL mixture of chloroform and acetic acid (1:1, volume ratio) was added 3-(2-butyloctyl)thiophene (20.0 g, 79.2 mmol). N-bromosuccinimide (14.1 g, 79.2 mmol) was then added in small portions over 10 min, after which the mixture was stirred at room temperature for 2 h.
The reaction was washed with water and saturated sodium bicarbonate aqueous solution, sequentially. After the removal of solvent with a rotary evaporator, the residue S5 was purified by column chromatography using petroleum ether as the eluent to afford a colorless oil (20.25 g, 77%). 1 
Synthesis of 5-(3-(2-butyloctyl)thiophen-2-yl)-4-(2-propylheptoxy)thiazole (7):
To a dry glass tube was charged with compound 4 (2.20 g, 5.3 mmol), compound 6
(0.95 g, 3.0 mmol), and bis (triphenylphosphine)palladium(II) dichloride (0.42 g, 0.60 mmol). Then, anhydrous toluene (20 mL) was added under argon. The tube was sealed S8 under argon flow and then stirred at 140 °C for 3 h under microwave irradiation. After the removal of solvent, the crude product was purified over column chromatography using hexane as the eluent to afford a yellow liquid (0.60 g, 41%) as the product. 1 Anhydrous toluene (3 mL) was added under argon after the tube was subjected to 3 pump/purge cycles with argon. The tube was sealed under argon flow and then stirred at 80 °C for 10 min, followed 100 °C for 10 min and 140 °C for 3 h under microwave S10 irradiation. After the addition of 2-(tributylstannyl)thiophene (0.2 mL) under argon flow, the mixture was stirred under microwave irradiation at 140 °C for 15 min. Then, 2-bromothiophene (0.2 mL) was added and stirred at 140 °C for another 15 min. After cooling to room temperature, the reaction mixture was precipitated in 100 mL methanol (containing 2 mL 12 N hydrochloric acid) under vigorous stirring. The polymer precipitate was collected and Soxhlet-extracted with different solvents. After the extraction with the final solvent, the polymer solution was concentrated and precipitated into methanol. The precipitates were filtrated and dried in vacuum to afford the polymer product. 
Polymer TRTzOR-BT (P1):
The solvents used for Soxhlet extraction were methanol, acetone, hexane, and dichloromethane. After the final extraction using dichloromethane, the polymer was obtained as a black solid (59.8 mg, 64% 
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OTFT Device Fabrication and Characterization
Bottom-gate/top-contact (BG/TC) device configuration was used for OTFTs. Pdoped silicon with 300 nm thermally grown oxide layer was used as substrate, which was cleaned by sequential sonication in acetone and isopropanol, followed by warm , where W is
the channel length, L is the channel length, I SD is gate leakage-corrected source to drain current, C i is the capacitance per unit area of the SiO 2 layer, μ is the saturation mobility, V G is the gate voltage, and V th is the gate threshold voltage. Figure S5 . BG/TC OTFT transfer and output characteristics of (a, d) P1, (b, e) P2, and (c, f) P3. On the basis of the transfer characteristics, the transistors show gate-dependent mobility. The origin of this problem has been assigned to contact resistance 5, 6 or dielectric induced interface charge trapping 7, 8 . For our case, we suspect that it could be due to dielectric induced interface charge trapping since the contact resistance for hole injection is minimal. Nonetheless, for mobility calculation, we deliberately avoided the low V g region where the kink problem happened. All mobility values were extracted from high V g region (−70 to −80 V) to ensure the reliability of the results. Subsequently, the substrates were transferred into a nitrogen-filled glove box for following steps. Polymer (7 mg mL −1 ):PC 71 BM solutions (1:1.5, w/w) were prepared in chloroform with 3% (volume ratio) diphenyl ether (DPE) as the additive. To completely dissolve the polymers, the solutions were stirred at room temperature for at least 3 h before performing the active layer deposition step. Various spin-casting conditions were tested to search for the optimal performance. Finally, PDINO electron transport layer (ETL, 10 nm) was spin-casted from ethanol solution (1.5 mg mL −1 ) at 3000 rpm for 25 s, followed by Al cathode (100 nm) evaporation at a high vacuum level (1E−4 Pa) using shadow mask to complete the device fabrication.
J-V curves were collected in a nitrogen-filled glove box using a Xe lamp-based SS-F5-3A Solar Simulator (Enli Technology, Inc.) under simulated AM1.5G light (100 mW cm −2 ). The light intensity was controlled with NREL-calibrated Si solar cell with a KG-5 filter. External quantum efficiency (EQE) curves were measured in air with a QE-R3011 measurement system (Enli Technology, Inc.) Figure S13. The 13 C NMR spectrum of compound 6.
